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Abstract 
This paper presents the results of the optoelectronic characterization of a PIN stacked photodiode based on a-SiC:H that works in 
the visible range of the spectrum. This work aims to study the viability of using the device in short range transmission using 
Plastic Optical Fiber (POF). For this purpose four input channels (RGBV) were used as input optical signals and it was analyzed 
the influence of optical steady state violet light on the output signal. The output photocurrent was measured under the presence 
and the absence of the background radiation for four different binary sequences, with different modulation frequencies. The 
optical gain obtained from the exposure to background radiation and its raising times was calculated, for each channel and for 
each modulation frequency. The results show that the background radiation has a different impact on the different channels. 
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1. Introduction  
The use of WDM devices for optical communications in the infrared range of the electromagnetic spectrum has 
long been an established practice. However its use is not suitable for plastic optical fiber due to its better 
performance in the visible range. Optical communications in the visible range have important applications in the 
field dominated by short range communications, such as home networks, automotive industry of traffic control as 
well as industrial purposes. So the design of new wavelength filters is necessary when using this part of the 
spectrum. Tunable wavelength devices based on a-SiC:H multilayered structures represent a class of optical filters 
with characteristics very attractive to be used in integrated optics or photonics applications, channel dropping filters, 
WDM demultiplexers, notch filters and for optical switching or optical wavelength conversion [1]. 
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2. Device configuration and operation  
The device structure reported in this paper is based on a p-i’(a-SiC:H)-n/p-i(a-Si:H)-n heterostructure with low 
conductivity doped layers as displayed in Figure 1. The thickness and the absorption coefficient of the front 
photodiode are optimized for violet wavelength absorption and red transmittance, and the thickness of the back 
photodiode adjusted to achieve full absorption in the green region and high collection in the red. This result in both 
front and back diodes acting as optical filters confining, respectively, the violet and the red optical carriers. 
 
Figure 1 – Device configuration. 
3. Single channels analysis 
Pulsed monochromatic lights from commercial LED were used separately (R: 560 nm; G: 525 nm; B: 570 nm; V: 
400 nm) or in a polychromatic mixture (multiplexed signal) at different bit rates illuminated the device from the 
front side. Independent tuning of each channel is performed by steady state violet bias superimposed either from the 
front and back sides and the generated photocurrent measured at -8 V. 
Previous results concluded that the influence of violet optical bias is the most desirable [2, 3]. In these 
experimental tests the output photocurrent values was normalized by splitting its time and magnitude components. In 
the magnitude component the minimum value of magnitude was added and divided by the difference between the 
maximum and the minimum. 
The influence of optical bias on the red channel is shown in Figure 2. Results show that the application of optical 
bias has a different impact on the red channel. Under front optical bias the red signal is enhanced while under back 
optical bias the signal is attenuated. The increase in the bit rate also enhances the optical gain under front radiation as 
it also increase, under back radiation the optical gain is slightly reduced. The rise time decreases with the increase in 

















Figure 2 - Normalized red signal measured photocurrent with violet optical radiation from the front and the back sides of the device at different 
bit rates. 
Besides the dependency of the wavelength of the optical signal on the input channel, the bit rate influence has 
also been analyzed. In Table 1 it is summarized the optical gain and rise time of the red channel under background 
radiation.  The optical gains were calculated based on the mean photocurrent measured for each channel as well as 
its rising times, under optical radiation and in its absence. The rise time was calculated based on the time from 10% 
to 90% of photocurrent maximum value. 
 Table 1 – Optical gain and rise time of the red channel under background radiation. 
Sequence Optical gain Rise time (ns) 
Front Back Dark Front Back 
a) 3.8 0.51 75.6 77.6 74.8 
b) 4.28 0.46 54.1 24 64.6 
c) 4.26 0.48 67.9 31.3 66.6 
d) 5.29 0.45 21.4 21.7 48 
 































Figure 3 - Normalized green signal measured photocurrent with violet optical radiation from the front and the back sides of the device at different 
bit rates. 
Under front optical bias the green signal is enhanced while under back optical bias the signal is attenuated. The 
increase in the bit rate reduces the optical gain under front bias while under back it remains constant. The rise time 
decreases with the increase in the channel bit rate and increases with the application of background radiation mainly 
from the front side. The optical gain and rise time related to the green channel are summarized in Table 2.  
 Table 2 - Optical gain and rise time of the green channel under background radiation. 
Sequence Optical gain Rise time (ns) 
Front Back Dark Front Back 
a) 3.10 0.56 32.8 134 90.4 
b) 3.09 0.57 28.7 20.5 34.6 
c) 2.93 0.57 36.3 28.7 54.8 
d) 2.90 0.56 28.7 20.5 34.6 
 

































Figure 4 - Normalized blue signal measured photocurrent with violet optical radiation from the front and the back sides of the device at different 
bit rates. 
The blue channel is enhanced by the presence of background radiation for both sides but mainly from the back 
side. The increase in the bit rate reduces the optical gain under front and back radiation.  
 Table 3 - Optical gain and rise time of the blue channel under background radiation. 
Sequence Optical gain Rise time (ns) 
Front Back Dark Front Back 
a) 1.33 2.07 85.9 128 406 
b) 1.21 1.52 62.9 71.9 174 
c) 1.21 1.42 34 36.1 70 
d) 1.17 1.34 21.8 23.8 27.8 
 
The rise time decreases with the increase in the channel bit rate and increases with the application of background 
radiation mainly from the back side. 
The results of the influence of optical bias when only the violet channel is used are shown in Figure 5. The results 
show that the application of optical bias has a different impact over the violet channel. Besides the dependency of 
the wavelength of the optical signal in the input channel, also the bit rate influence has been proved, Table 4. The 
violet channel is strongly enhanced by the presence of background radiation from the back side. The increase in the 
bit rate reduces the optical gain under front and back radiation. The rise time decreases with the increase in the 




























Figure 5 - Normalized violet signal measured photocurrent with violet optical radiation from the front and the back sides of the device at different 
bit rates. 
 Table 4 - Optical gain and rise time of the violet channel under background radiation. 
Sequence Optical gain Rise time (ns) 
Front Back Dark Front Back 
a) 0.56 15.44 22.9 18.9 375 
b) 0.62 14.28 27.7 18.4 159 
c) 0.62 12.91 29.6 20.5 19.9 
d) 0.65 11.60 24 26.6 27.2 
 
From the results of the single signal analysis we conclude that the front radiation enhances mainly the spectral 
sensitivity in the medium-long wavelength range, as violet radiation is absorbed on the front diode, increasing the 
electric field at the back diode where the red and part of the green photons are absorbed. Under back radiation the 
electric field increases mainly in the front diode where the violet and part of the blue photons are absorbed. 
Regarding the photocurrents rise time, it has been proved that the channels wavelength and the background 
radiation exposure only have influence on lower bit rates. Thus, that influence lowers as the bit rate rises; reaching 
really close values within the different channels, with or without background radiation, at higher bit rates. 
4. Multiplexed channels analysis 
The normalized multiplexed signal due to the combination of the input channels RGBV is displays in Figure 6. 
On the top is displayed the signals used in the input channels. In each measure, under optical background and in its 





















Figure 6 - Normalized multiplexed signal due to the combination of RGBV channels under violet optical background. 
Under front optical radiation the sixteen levels can be grouped into two main classes due to the high amplification 
of the red channel (Figure 2). The upper eight (23) levels correspond to the presence of the red channel (R=ON) and 
the lower eight levels to its absence (R=OFF). Under front radiation the green channel is also amplified (Figure 3) so 
the upper four (22) levels in both classes correspond to the green presence (G=ON) and the lower four levels to its 
absence. The blue channel is slightly amplified (Figure 4) so each group of four entries is divided into two (21) 
subclasses, the higher ones correspond to the presence of the blue channel (B=ON) and the lower ones to its absence 
(B=OFF). Finally, each group for two entries have two very near sublevels where the higher correspond to the 









Figure 7 - Normalized multiplexed signal due to the combination of RGBV channels; a) under front violet optical radiation, b) under back violet 
optical radiation. 
Under back radiation the multiplexed signal has also sixteen levels, but ordered in a different way as under front 
radiation. Two main classes are detected, the upper eight levels where the violet channel is ON due to its strong 
amplification (Figure 5) and the lower eight levels where the violet is OFF. In each group of eight levels there are 
two classes of four levels each, with and without the blue channel. Those four levels can still be grouped in tow 
groups where the two higher levels correspond to the presence of the red channel and the lower to its lack. The green 
channel is decoded in two near sublevels, where the higher one correspond to its presence. 
5. Add/drop application 
WDM device implementation requires that wavelength channels may be filtered along the path. The add/drop 
filters application are useful to filter those specific wavelengths. Due to the high amplification of the green, red and 
violet channel under front and back violet optical bias respectively, it’s possible to use the device as an add-drop 
filter. In Figure 8 is analyzed the drop of green (a)), red (b)) and violet (c)) channel. 
a) b) 




















Figure 8 - Normalized multiplexed signal under optical background: a) RBV and RGBV under back radiation; b) 
GBV and RGBV under back radiation; c) RGB and RGBV under front radiation. 
 
Results show that with the device configuration used only the violet drop is guaranteed (Figure 8 – c)). Under 
front background the violet channels quenches that the difference between the multiplexed RGBV signal with and 
without the violet channel is irrelevant, which means that under front background the signal has only eight (23) 
relevant levels that can be assigned to a 8 channels RGB multiplexer. The green channel (Figure 8 – a)) may also be 
filtered since the difference between the multiplexed signal RGBV and RBV under back background has very near 
levels. 
6. Conclusions 
A multilayer structure based on a-SiC:H/a-Si:H was analyzed as an optical demux device operating in the visible 
range. Steady state RGBV LEDs illuminated the device at -8V, under violet optical bias from the front and the back 
device side. For each input channel the optical gain and rising time due to the influence of optical bias were 
measured. Front application of the background radiation amplifies the red and green signals photocurrents; on the 
other hand it attenuates violet signals. Accordingly, back application of background radiation has the opposite effect. 
The signal recovery is possible due to the bit position though the different amplification factors. Add/drop 
application was analyzed with very good results especially in violet drop.  
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